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(57) A liquid crystal television receiver reduces the
brightness of a backlight which generates light to be
passed through a liquid crystal panel and thereby forms
an image, to a brightness invisible to human eyes (step
S 104). After the brightness is reduced, a panel signal to
the liquid crystal panel is controlled to change from the
ON state to the OFF state (step S111). After the panel
signal is controlled to change to the OFF state, the back-
lightis controlled to change from the ON state to the OFF
state (step S113).

In this way, the backlight of the liquid crystal panel
is controlled so that disturbance in image, which occurs

when the panel signal to the liquid crystal panel is

changed from the ON state to the OFF state, can easily
be prevented from being seen by users.
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Description
TITLE OF THE INVENTION

[0001] Liquid Crystal Television Receiver with Liquid
Crystal Panel and its lllumination Apparatus, Liquid Crys-
tal Display, Electric Device, Liquid Crystal Projector, and
Liquid Crystal Display Control Method for Controlling Lig-
uid Crystal Display

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a liquid crystal
television receiver, a liquid crystal display apparatus, an
electric device, a liquid crystal projector apparatus, and
a liquid crystal display control method. In particular, the
invention relates to a liquid crystal television receiver, a
liquid crystal display apparatus, an electric device, a lig-
uid crystal projector apparatus, and a liquid crystal dis-
play control method that are characterized in terms of
control of a liquid crystal panel.

Description of the Background Art

[0003] There has conventionally been a method of
driving a plasma address display panel. Specifically,
when the power is to be turned off, power supply to a
liquid crystal drive circuit is first stopped and thereafter
power supply to a plasma drive circuit is stopped (see
for example Japanese Patent Laying-Open No.
08-313868 (hereinafter "Patent Document 1 ).

[0004] Further, there have been liquid crystal display
driving apparatus and method. Specifically, when the
power is to be turned on or off, a mask period is provided
for allowing a liquid crystal panel to display nothing so
as not to show disturbance in image or the like (see for
example Japanese Patent Laying-Open No. 11-212522
(hereinafter "Patent Document 2").

[0005] Furthermore, there have been a liquid crystal
display system, a display signal supply apparatus and a
liquid crystal display apparatus. Specifically, upon ac-
cepting an externally given instruction to turn off the pow-
er, a common electrode and all or a part of a plurality of
pixel electrodes which are constituents of a liquid crystal
panel are set to substantially zero potential (see for ex-
ample Japanese Patent Laying-Open No. 2003-050565
(hereinafter "Patent Document 3").

[0006] Moreover, there have been a liquid crystal dis-
play apparatus, a liquid crystal display apparatus control
method and a mobile terminal. Specifically, disturbance
on the screen when the power is turned off can be pre-
vented in the following way. When the power is to be
turned off, active elements for all pixels of a pixel portion
are switched on and simultaneously all signal lines are
set to the same potential as that of a common electrode
of pixels, thereby instantaneously forming, for all pixels,
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a discharge path of the pixel electrodes, active elements,
signal lines and common electrode in this order. Thus,
through the discharge path, remaining charge of all pixels
is instantaneously discharged. Accordingly, even if the
power is suddenly turned off, there is no afterglow which
occurs due to remaining charge within pixels (see for
example Japanese Patent Laying-Open No.
2004-045785 (hereinafter "Patent Document 4").

[0007] However, the technique disclosed in Patent
Document 1 relates to the method of driving the plasma
address display panel. In contrast, the present invention
relates to a liquid crystal display apparatus for example.
Therefore, the technique disclosed in Patent Document
1 cannot solve problems of the present invention.
[0008] Further, the techniques disclosed in Patent
Documents 2 to 4 control a liquid crystal panel and thus
require complicated control, and backlight control is not
included in the constitution of the invention.

SUMMARY OF THE INVENTION

[0009] The presentinvention has been made to solve
the above-described problems. An object of the present
invention is to provide a liquid crystal television receiver,
a liquid crystal display apparatus, an electric device, a
liquid crystal projector apparatus, and a liquid crystal dis-
play control method that control an illumination apparatus
of a liquid crystal panel so that any disturbance of an
image when the liquid crystal panel is turned off can easily
be prevented from being seen by a user.

[0010] Inorderto solve the problems described above,
according to an aspect of the present invention, a liquid
crystal display apparatus includes a brightness reduction
control unit, a panel-off control unit and an illumination-
off control unit. The brightness reduction control unit re-
duces the brightness of the illumination apparatus gen-
erating light to be passed through a liquid crystal panel
or reflected from the liquid crystal panel and thereby form-
ing an image, to a brightness invisible to human eyes.
After the brightness is reduced by the brightness reduc-
tion control unit, the panel-off control unit controls a video
signal to the liquid crystal panel to be changed from an
ON state to an OFF state. The illumination-off control unit
controls the illumination apparatus to be changed to the
OFF state after the video signal is controlled to be
changed from the ON state to the OFF state.

[0011] In accordance with the present invention, the
liquid crystal display apparatus reduces the brightness
of the illumination apparatus, which generates light to be
passed through the liquid crystal panel or reflected from
the liquid crystal panel and thereby forms an image, to a
brightness invisible to human eyes. After the brightness
is reduced, the video signal to the liquid crystal panel is
controlled to change from the ON state to the OFF state.
After the video signal is controlled to change to the OFF
state, the illumination apparatus is controlled to change
from the ON state to the OFF state.

[0012] Thus, the liquid crystal display apparatus can



3 EP 1 804 230 A2 4

be provided that controls the illumination apparatus of
the liquid crystal panel to easily prevent disturbance in
image, which occurs when the video signal to the liquid
crystal panel is changed from the ON state to the OFF
state, from being seen by the user.

[0013] Preferably, the brightness reduction control unit
reduces the brightness on condition that an instruction
signal for instructing to stop function of the liquid crystal
panel is input.

[0014] Preferably, the brightness reduction control unit
reduces the brightness to a predetermined brightness
invisible to human eyes. Still preferably, the predeter-
mined brightness is a minimum brightness of the illumi-
nation apparatus.

[0015] Preferably, the liquid crystal display apparatus
further includes an illuminance measurement unit meas-
uring an ambient illuminance of the liquid crystal display
apparatus. The brightness reduction control unit reduces
the brightness to a brightness according to the illumi-
nance measured by the illuminance measurement unit.
[0016] In accordance with the present invention, the
liquid crystal display apparatus measures the ambient
illuminance and the brightness of the illumination appa-
ratus is reduced to a brightness invisible to human eyes
according to the illuminance. Therefore, according to the
illuminance, the brightness can be reduced with a degree
of change in brightness that is as small as possible. Ac-
cordingly, the degree of change in electric power supplied
to the illumination apparatus can be reduced. As aresult,
the degree of change in load of electric power of the liquid
crystal display apparatus can be reduced. Further, the
stability of the power supply voltage of the liquid crystal
display apparatus can be improved.

[0017] Preferably, the brightness reduction control unit
gradually reduces the brightness.

[0018] In accordance with the present invention, the
liquid crystal display apparatus gradually reduces the
brightness of the illumination apparatus to a brightness
invisible to human eyes. Thus, the degree of brightness
change per time is smaller and the degree of change in
electric power supplied to the illumination apparatus can
accordingly be reduced. As aresult, the degree of change
in load of electric power of the liquid crystal display ap-
paratus can be reduced. Further, the stability of the power
supply voltage of the liquid crystal display apparatus can

be improved.

[0019] Preferably, theillumination apparatusis a back-
light.

[0020] According to another aspect of the present in-

vention, an electric device has the above-described liquid
crystal display apparatus.

[0021] Thus, the electric device can be provided that
controls the illumination apparatus of the liquid crystal
panel to easily prevent disturbance in image, which oc-
curs when the video signal to the liquid crystal panel is
changed from the ON state to the OFF state, from being
seen by the user.

[0022] According to still another aspect of the present
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invention, a liquid crystal television receiver has the
above-described liquid crystal display apparatus.
[0023] Thus, the liquid crystal television receiver can
be provided that controls the illumination apparatus of
the liquid crystal panel to easily prevent disturbance in
image, which occurs when the video signal to the liquid
crystal panel is changed from the ON state to the OFF
state, from being seen by the user.

[0024] According to a further aspect of the present in-
vention, a liquid crystal projector apparatus has the
above-described liquid crystal display apparatus.
[0025] Thus, the liquid crystal projector apparatus can
be provided that controls the illumination apparatus of
the liquid crystal panel to easily prevent disturbance in
image, which occurs when the video signal to the liquid
crystal panel is changed from the ON state to the OFF
state, from being seen by the user.

[0026] According to a further aspect of the present in-
vention, a liquid crystal display control method for con-
trolling a liquid crystal display apparatus includes the
steps of reducing a brightness of an illumination appara-
tus generating light to be passed through a liquid crystal
panel or reflected from the liquid crystal panel and there-
by forming an image, to a brightness invisible to human
eyes; controlling a video signal to the liquid crystal panel
to be changed from an ON state to an OFF state, after
the brightness is reduced; and controlling the illumination
apparatus to be changed from the ON state to the OFF
state after the video signal is controlled to be changed
to the OFF state.

[0027] In accordance with the present invention, the
liquid crystal display control method reduces the bright-
ness of the illumination apparatus, which generates light
to be passed through the liquid crystal panel or reflected
from the liquid crystal panel and thereby forms an image,
to a brightness invisible to human eyes. After the bright-
nessisreduced, the video signalto the liquid crystal panel
is controlled to change from the ON state to the OFF
state. After the video signal is controlled to change to the
OFF state, the illumination apparatus is controlled to
change from the ON state to the OFF state.

[0028] Thus, the liquid crystal display control method
can be provided that controls the illumination apparatus
of the liquid crystal panel to easily prevent disturbance
inimage, which occurs when the video signal to the liquid
crystal panel is changed from the ON state to the OFF
state, from being seen by the user.

[0029] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

Fig. 1 is a block diagram schematically showing a
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configuration of a liquid crystal television receiver in
a first embodiment of the present invention.

Fig. 2 is a flowchart showing a flow of a panel-off
process performed by the liquid crystal television re-
ceiver in the first embodiment of the present inven-
tion.

Fig, 3 is a timing chart showing panel-off control tim-
ing by the liquid crystal television receiver in the first
embodiment of the present invention.

Fig. 4 is a flowchart showing a flow of a panel-off
process performed by a liquid crystal television re-
ceiver in a second embodiment of the presentinven-
tion.

Fig. 5 is a timing chart showing panel-off control tim-
ing by the liquid crystal television receiver in the sec-
ond embodiment of the present invention.

Fig. 6 is a flowchart showing a flow of a panel-off
process performed by a liquid crystal television re-
ceiver in athird embodiment of the present invention.
Fig. 7 is a timing chart showing panel-off control tim-
ing by the liquid crystal television receiver in the third
embodiment of the present invention.

Fig. 8 is a block diagram schematically showing a
configuration of a liquid crystal monitor in a fourth
embodiment of the present invention.

Fig. 9 is a flowchart showing a flow of a panel-off
process performed by the liquid crystal monitor in
the fourth embodiment of the present invention.
Fig. 10 is a block diagram schematically showing a
configuration of a liquid crystal projector according
to a modification of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0031] In the following, embodiments of the present
invention are described in detail with reference to the
drawings. In the drawings, like or corresponding compo-
nents are denoted by like reference characters and a
description thereof is not repeated.

First Embodiment

[0032] Referring to Fig. 1, a liquid crystal television re-
ceiver 100 includes a control unit 10, a remote control
reception unit 21, a tuner 32, a demodulator 33, a signal
processing unit 34, a liquid crystal panel 51, a backlight
52, and a speaker 61.

[0033] Control unit 10 includes a CPU (Central
Processing Unit) 11 and a memory 12, CPU 11 executes
a predetermined program. Memory 12 stores the pro-
gram executed by CPU 11, data of the program being
executed and data of the result of execution of the pro-
gram.

[0034] Tuner 32 extracts, from broadcast signals re-
ceived by antenna 31, a broadcast signal corresponding
to a channel selected according to a command signal
from control unit 10. Tuner 32 outputs the extracted
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broadest signal to demodulator 33.

[0035] Demodulator 33 receives the broadcast signal
from tuner 32 to demodulate the broadcast signal into an
MPEG-2TS (Moving Picture Experts Group phase 2
Transport Stream) signal that is digital-coded video and
audio, and outputs the MPEG-2TS signal to signal
processing unit 34.

[0036] Signal processing unit 34 decodes the MPEG-
2TS signal received from demodulator 33 into a video
signal and an audio signal. Signal processing unit 34 con-
verts the video signal generated by the decoding into a
panel signal for controlling to drive liquid crystal panel 51
so as to display video, and outputs the panel signal to
liquid crystal panel 51. Further, signal processing unit 34
outputs the audio signal generated by the decoding to
speaker 61.

[0037] Remote control reception unit 21 receives a
command from a remote controller 22 to output a com-
mand signal indicating the received command to control
unit 10. A user transmits the command by means of re-
mote controller 22 so that a desired operation concerning
reception of a television program is performed by liquid
crystal television receiver 100.

[0038] Liquid crystal panel 51 allows light from back-
light 52 to pass at a transmittance that is controlled by
applying a voltage indicated by the panel signal to the
liquid crystal individually for pixels colored with three pri-
mary colors of light, so as to display an image that is a
collection of pixels. Backlight 52 is an illumination appa-
ratus providing light from behind to liquid crystal panel 51.
[0039] While backlight 52 in the present embodiment
is a light-emitting diode (hereinafter referred to as "LED"),
the present invention is not limited to this. Alternatively,
any of other illumination apparatuses such as an EL
(Electro-Luminescence) apparatus may be used.
[0040] While the description of the present embodi-
ment is applied to transmissive liquid crystal panel 51, it
is not limited to this. Alternatively, areflective liquid crystal
panel with a front light may be used. In this case, light
from the front light is reflected at a reflectance that is
controlled individually for pixels so as to display animage.
[0041] Referring to Fig. 2, a panel-off process is per-
formed for example by being regularly called from a main
process that is the caller of this panel-off process.
[0042] In step S101, control unit 10 of liquid crystal
television receiver 100 determines whether or not a pan-
el-off instruction signal is input.

[0043] The panel-off instruction signal may be an ac-
tual signal or what is regarded as output of a signal when
predetermined data is written in a predetermined region
of memory 12 of control unit 10, for example, flag.
[0044] The panel-off instruction signal is provided
when, for example, the power of liquid crystal television
receiver 100 is to be turned off However, this is not a
limitation and the panel-off instruction signal may be pro-
vided when audio-only contents without video are input
to television receiver 100, for example, such an audio
broadcast as FM (Frequency-Modulation) broadcast is
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received.

[0045] Whenitis determined that the panel-off instruc-
tion signal is not input (NO in step S 101), control unit 10
ends the panel-off process to return the operation to be
executed to the process of the caller of the panel-off proc-
ess.

[0046] Incontrast, whenitis determined that the panel-
off instruction signal is input (YES in step S101), control
unit 10 controls in step S 104 the brightness of backlight
52 sothat the brightness is reduced to 20% of a maximum
brightness.

[0047] This is not a limitation and the brightness may
be controlled to have another brightness, on the condition
that the brightness of backlight 52 is controlled to have
the brightness of a level that is invisible to human eyes.
Forexample, the brightness may be controlled to become
any of other predetermined values in the range from a
minimum brightness to approximately 30% of a maximum
brightness of backlight 52, although it may depend on
the performance of backlight 52. Alternatively, the bright-
ness may be controlled to have any value according to
the ambient illuminance of television receiver 100, pres-
ence of a person, a time of day for example.

[0048] Here, the brightness of a level invisible to hu-
man eyes varies individual to individual and also varies
depending on the ambient illuminance. Therefore, it is
preferable to collect statistics about the invisible bright-
ness of various individuals and at various illuminances
and control the brightness so that the brightness is lower
than a lowest one of brightnesses statistically collected.
In this way, as a value of the brightness of backlight 52
that is reduced under control, a statistical value is used
to ensure that the brightness of backlight 52 as reduced
under control is a brightness invisible to human eyes.
[0049] Then, in step S107, control unit 10 determines
whether or not atime T, has passed since the time when
the brightness of backlight 52 is reduced under control
in step S 104. The time is measured by means of a timer
function of CPU 11 of control unit 10. Time T, is a time
of the order of several hundreds milliseconds, for exam-
ple, 300 milliseconds.

[0050] Onthe condition thattime T, is equal to or long-
er than a time period from the time when step S 104 is
performed to start the control operation of CPU 11 to the
time when the reduction control of the brightness of back-
light 52 is actually completed, time T; may be any time
of another order.

[0051] Further, in step S107, it may be determined
whether or not time T, has passed since the time when
the process proceeds to step S107.

[0052] When it is determined that time T, has not
passed (NO in step S 107), control unit 10 repeats the
operationinstep S 107. In contrast, when itis determined
that time T, has passed (YES in step S107), control unit
110 controls in step S111 the panel signal so that the
panel signal changes from the ON state to the OFF state.
Thus, liquid crystal panel 51 is in the state without control.
[0053] However, since backlight52 is controlled in step
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S 104 so that the brightness is invisible to human eyes,
any disturbance inimage displayed on liquid crystal panel
51 without control can be prevented from being visible
to a user.

[0054] Instep S112, controlunit 10 determines wheth-
er or not a time T, has passed from the time when the
panel signal is controlled in step S111 to become the
OFF state. Time T, is a considerably short time period
of several hundreds milliseconds or shorter, for example,
zero millisecond.

[0055] Here, time T, may be any time in the range from
zero millisecond to several hundreds milliseconds. Fur-
ther, the panel-off process may not include the operation
instep S112. Eveninthis case, the subsequent operation
is performed after at least one clock of CPU 11 from the
time when the operation in step S 111 is performed.
[0056] Further, in step S 112, it may be determined
whether or not time T, has passed since the time when
the process proceeds to the operation in step S 112.
[0057] When it is determined that time T, has not
passed (NO in step S 112), control unit 10 repeats the
operationinstep S 112. In contrast, when it is determined
that time T, has passed (YES in step S 112), control unit
10 controls in step S 113 backlight 52 so that backlight
52 changes from the ON state to the OFF state. Thus,
the brightness of backlight 52 becomes zero.

[0058] After step S 113, control unit 10 ends the panel-
off process and returns the operation to be performed to
the process of the caller of the panel-off process.
[0059] Referring to Fig. 3, the timing chart is the one
when the panel-off process described in connection with
Fig. 2 is carried out. First, the panel-off instruction signal
is changed from the OFF state to the ON state. Accord-
ingly, the brightness of the backlight is controlled to be-
come 20% of a maximum brightness.

[0060] Then, after time T, has passed since the time
when the brightness of the backlight is reduced under
control, the panel signal is changed from the ON state to
the OFF state. After time T, has passed since the time
when the panel signal is controlled to become the OFF
state, backlight 52 is controlled to change from the ON
state to the OFF state. Accordingly, the brightness of
backlight 52 becomes zero smaller than a minimum
brightness.

[0061] Asdescribed above, liquid crystal television re-
ceiver 100 in the firstembodiment reduces the brightness
of backlight 52 to a brightness invisible to human eyes
as described in connection with step S 104 in Fig. 2. The
backlight generates lightto be passed through liquid crys-
tal panel 51 so as to form an image.

[0062] As described in connection with step S 111 in
Fig. 2, the brightness is reduced and thereafter the panel
signal to liquid crystal panel 51 is controlled so that the
panel signal is changed from the ON state to the OFF
state. As described in connection with step S 113 in Fig.
2, the panel signal is controlled to become the OFF state
and thereafter backlight 52 is controlled to change from
the ON state to the OFF state.
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[0063] Therefore, by controlling backlight 52 of liquid
crystal panel 51, any disturbance in image, which could
be generated when the panel signal to liquid crystal panel
51 is changed from the ON state to the OFF state, can
be prevented from being seen by the user.

[0064] Further, as described in connection with step
S101 and step S 104 in Fig. 2, on the condition that the
panel-off instruction signal for instructing to stop the func-
tion of liquid crystal panel 51 is input, the brightness of
backlight 52 is reduced.

[0065] Inaddition, as described in connection with step
S 104 in Fig. 2, the brightness of backlight 52 is reduced
to 20% of a maximum brightness of backlight 52 that is
a predetermined brightness invisible to human eyes.
[0066] Therefore, it is unnecessary to calculate the
brightness controlled to be reached when the brightness
is to be reduced. Consequently, the brightness can more
easily be reduced.

Second Embodiment

[0067] In the first embodiment, the backlight bright-
ness is controlled to be reduced at a time to a predeter-
mined brightness which is invisible to human eyes, and
thereafter the panel signal is controlled to change to the
OFF state. In a second embodiment, the backlight bright-
ness is gradually reduced in stepwise manner and there-
after the panel signal is controlled to change to the OFF
state.

[0068] Here, the configuration of a liquid crystal tele-
vision receiver 100A in the second embodiment is similar
to that of liquid crystal television receiver 100 in the first
embodiment as described in connection with Fig. 1, and
thus the description thereof is not repeated.

[0069] Referring to Fig. 4, a panel-off process is per-
formed for example by being regularly called from a main
process that is the caller of this panel-off process.
[0070] In step S201, control unit 10 of liquid crystal
television receiver 100A determines whether or not the
panel-off instruction signal is input.

[0071] Whenitis determined that the panel-off instruc-
tion signal is not input (NO in step S201), control unit 10
ends this panel-off process to return the operation to be
executed to the process that is the caller of this panel-
off process.

[0072] Incontrast, whenitis determined that the panel-
off instruction signal is input (YES in step S201), control
unit 10 substitutes 1 for a variable j in step S203.
[0073] Then, in step S204, control unit 10 controls the
brightness of backlight 52 so that the brightness becomes
Bj% of a maximum brightness. Here, BJ- ={80, 60, 40, 20,
0}. When the operation in step S204 is performed for the
first time, variable j is 1 (j = 1) and thus the brightness of
backlight 52 is controlled so that the brightness is B, =
80% of the maximum brightness. In the present embod-
iment, it is supposed that Bs = 0% of the maximum bright-
ness does not refer to the brightness of zero, but refers
to a minimum brightness.

10

15

20

25

30

35

40

45

50

55

[0074] Instep S206, control unit 10 determines wheth-
er or not the relation j = N is satisfied. N is a constant and
Nis 5 (N =5) here. When itis determined that the relation
j = N is satisfied (YES in step S206), control unit 10 ad-
vances the operation to be executed to step S211.
[0075] In contrast, when it is determined that the rela-
tion j = N is not satisfied (NO in step S206), control unit
10 determines in step S207 whether or not a time T3 has
passed since the time when the brightness of backlight
52 is controlled to become B;% of the maximum bright-
ness. Time T is a time of the order of several tens mil-
liseconds, for example, 50 milliseconds.

[0076] Onthe condition that time T is equal to or long-
er than a time period from the time when step S204 is
performed to start the control operation of CPU 11 to the
time when the reduction control of the brightness of back-
light 52 is actually completed, time T3 may be any time
of another order.

[0077] Further, in step S207, it may be determined
whether or not time T has passed since the time when
the process proceeds to step S207.

[0078] When it is determined that time T3 has not
passed (NO in step S207), control unit 10 repeats the
operation in step S207. In contrast, when it is determined
that time T5 has passed (YES in step S207), control unit
10 adds 1 to the value ofj in step S208. After step S208,
control unit 10 returns the operation to be executed to
the operation in step S204.

[0079] For example, in the case where jis 4 (j = 4)
before the operation in step S208 is performed, step S208
provides =5 and step S204 controls the backlight bright-
ness to so that the brightness becomes By = 0% of the
maximum brightness, namely controls the brightness so
that the brightness becomes the minimum brightness as
described above. In step S206 in which j = N =5 is pro-
vided, it is determined that the relation j = N is satisfied.
Then, the operation to be executed is advanced to the
operation in step S211.

[0080] Instep S211, control unit 10 controls the panel
signal so that the panel signal changes from the ON state
to the OFF state. Thus, liquid crystal panel 51 is in the
state without control. However, as step S204 is executed
multiple times, the brightness of backlight 52 gradually
approaches in stepwise manner to the minimum bright-
ness. Therefore, any disturbance in image displayed on
liquid crystal panel 51 without controlled can be prevent-
ed from being visible to the user.

[0081] Then, in step S212, control unit 10 determines
whether or not a time T, has passed since the time when
the panel signal is controlled to change to the OFF state
in step S211. Time T, is a considerably short time period
equal to or shorter than several hundreds milliseconds,
for example, zero millisecond.

[0082] Here, time T, may be any time from zero milli-
second to several hundreds milliseconds. Further, the
panel-off process may not include the operation in step
S212. Even in this case, the subsequent operation is per-
formed after at least one clock of CPU 11 from the time
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when the operation in step S211 is performed.

[0083] Further, in step S212, it may be determined
whether or not time T, has passed since the time when
the operation is advanced to step S212.

[0084] When it is determined that time T, has not
passed (NO in step S212), control unit 10 repeats the
operation in step S212. In contrast, when itis determined
that time T, has passed (YES in step S212), control unit
10 controls in step S213 backlight 52 so that it changes
from the ON state to the OFF state. Accordingly, the
brightness of backlight 52 becomes zero.

[0085] After step S213, control unit 10 ends the panel-
off process to return the operation to be performed to the
process that is the caller of the panel-off process.
[0086] Referring to Fig. 5, the timing chart is the one
when the panel-off process is performed as described in
connection with Fig. 4. First, the panel-off instruction sig-
nal is changed from the OFF state to the ON state. Ac-
cordingly, the brightness of the backlight is controlled to
become B;= 80% of the maximum brightness.

[0087] Then, each time the time T5 passes, the bright-
ness of the backlight is controlled to be reduced gradually
in stepwise manner, namely by 20% of the maximum
brightness per time T5, in the manner of B, = 60%, B =
40%, B, = 20%, B = 0%. After the controlled reduction,
the panel signal is controlled to change from the ON state
to the OFF state.

[0088] After time T, has passed since the time when
the panel signal is controlled to change to the OFF state,
backlight 52 is controlled to change from the ON state to
the OFF state. Thus, backlight 52 has its brightness of
zero lower than the minimum brightness.

[0089] Asdescribed above, liquid crystal television re-
ceiver 100A in the second embodiment gradually reduc-
es the brightness of backlight 52 as described in connec-
tion with steps S203 to S208 in Fig. 4. The backlight gen-
erates light to be passed through liquid crystal panel 51
so as to form an image.

[0090] As described in connection with step S211 in
Fig. 4, the brightness is reduced and thereafter the panel
signal to liquid crystal panel 51 is controlled to change
from the ON state to the OFF state. As described in con-
nection with step S213 in Fig. 4, the panel signal is con-
trolled to become the OFF state and thereafter backlight
52 is controlled to change from the ON state to the OFF
state.

[0091] Therefore, as compared with the case where
the brightness is reduced at a time, the degree of bright-
ness change per time is smaller and thus the degree of
change in electric power supplied to backlight 52 can be
reduced. As a result, the degree of change in load of
electric power of liquid crystal television receiver 100A
can be reduced. Further, the stability of the power supply
voltage of liquid crystal television receiver 100A can be
improved.

[0092] As described in connection with step S201 and
step S204 in Fig. 4, on the condition that the panel-off
signal for instructing to stop the function of liquid crystal
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panel 51 is input, the brightness of backlight 52 is re-
duced.

[0093] Further, as described in connection with steps
S203 to S208, the brightness is successively changed
to B; (= {80, 60, 40, 20, 0}) % of the maximum brightness
that are a plurality of predetermined brightnesses set re-
spectively so that the brightness is reduced in stepwise
manner.

[0094] Thus, it is unnecessary to calculate the bright-
ness that is a reduced brightness under control. Conse-
quently, the brightness can more easily be reduced.
[0095] Furthermore, as described in connection with
step S204 and step S211in Fig. 4, the brightness of back-
light 52 is gradually reduced to a brightness invisible to
human eyes, namely 20% and 0% of the maximum bright-
ness. After the brightness is reduced, the panel signal to
liquid crystal panel 51 is controlled to change from the
ON state to the OFF state. Thus, backlight 52 of liquid
crystal panel 51 is controlled to easily prevent distur-
bance in image, which occurs when the panel signal to
liquid crystal panel 51 is changed from the ON state to
the OFF state, from being seen by the user.

Third Embodiment

[0096] Inthe second embodiment, the backlight bright-
ness is gradually reduced in stepwise manner and there-
after the panel signal is controlled to change to the OFF
state. In a third embodiment, the backlight brightness is
gradually reduced in stepwise manner so that the bright-
ness becomes lower than a predetermined brightness
invisible to human eyes, and thereafter the panel signal
is controlled to change to the OFF state.

[0097] Here, the configuration of a liquid crystal tele-
vision receiver 100B in the third embodiment is similar
to that of liquid crystal television receiver 100 in the first
embodiment as described in connection with Fig. 1, and
thus the description thereof is not repeated.

[0098] Referring to Fig. 6, a panel-off process is per-
formed for example by being regularly called from a main
process that is the caller of this panel-off process.
[0099] In step S301, control unit 10 of liquid crystal
television receiver 100B determines whether or not the
panel-off instruction signal is input.

[0100] Whenitis determined that the panel-off instruc-
tion signal is not input (NO in step S301), control unit 10
ends this panel-off process to return the operation to be
executed to the process that is the caller of this panel-
off process.

[0101] Incontrast, whenitis determined that the panel-
off instruction signal is input (YES in step S301), control
unit 10 reads the current brightness of backlight 52 and
substitutes the value of this brightness for a variable b in
step S302. The current brightness value of backlight 52
is stored in a predetermined storage region of memory
12 of control unit 10. Then, control unit 10 substitutes 1
for a variable j in step S303.

[0102] Then, in step S304, control unit 10 controls the
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brightness of backlight 52 so that the brightness becomes
bj% of a maximum brightness. Here, bj =b - 20j. When
brightness b that is read in step S302 is 80 (b = 80) and
the operation in step S304 is performed for the first time,
jis 1 (j = 1). Therefore, the brightness of backlight 52 is
controlled so that the brightness becomes b; =80 - 20 x
1=60%.

[0103] In the subsequent step S305, control unit 10
determines whether or not a time Tg has passed since
the time when the brightness of the backlight is controlled
in step S304. Time Ts is a time of the order of several
tens milliseconds, for example, 50 milliseconds.

[0104] Onthe condition that time Ty is equal to or long-
er than a time period from the time when step S304 is
performed to start the control operation of CPU 11 to the
time when the control of the brightness of backlight 52 is
actually completed, time Ty may be any time of another
order.

[0105] Further, in step S305, it may be determined
whether or not time T has passed since the time when
the process proceeds to step S305.

[0106] When it is determined that time Tg has not
passed (NO in step S305), control unit 10 repeats the
operation in step S305.

[0107] In contrast, when it is determined that time T
has passed (YES in step S305), control unit 10 deter-
mines in step S306 whether or not the relation b; < 30 is
satisfied. Here, what is to be compared with bj is not lim-
ited to 30% of the maximum brightness and another
brightness may be compared with b; on the condition that
the brightness has a level invisible to human eyes.
[0108] For example, what is to be compared with b;
may be another predetermined value in the range from
the minimum brightness to approximately 30% of the
maximum brightness of backlight 52, although itdepends
on the performance of backlight 52. Alternatively, what
is to be compared with b; may be a value according to
the ambientilluminance of television receiver 100B, pres-
ence of a person, a time of day for example.

[0109] When it is determined that the relation b; < 30
is satisfied (YES in step S306), control unit 10 advances
the operation to be executed to the operation in step
S311. In contrast, when it is determined that the relation
bj < 30 is not satisfied (NO in step S306), control unit 10
adds 1 to the value ofj in step S308. After step S308,
control unit 10 returns the operation to be executed to
the operation in step S304.

[0110] For example, inthe case wherejis 2 (j=2)and
bj is 40 (b; = 40) before the operation in step S306 is
performed, it is determined in step S306 that the relation
bj < 30 is not satisfied. Then, in step S308, 1 is added to
j (i = 3). Then, in step S304, the backlight brightness is
set to b; =80 - 20 x 3 = 20% of the maximum brightness.
In step S3086, it is determined that the relation bj <30is
satisfied and the operation to be executed is advanced
to the operation in step S311.

[0111] In step S311, control unit 10 controls the panel
signal so that the panel signal changes from the ON state
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to the OFF state. Thus, liquid crystal panel 51 is in the
state without control. However, in step S306, in the case
where the brightness of backlight 52 is lower than a
brightness invisible to human eyes, the panel signal is
changed to the OFF state. Therefore, any disturbance in
image displayed on liquid crystal panel 51 without con-
trolled can be prevented from being seen by the user.
[0112] Then, in step S312, control unit 10 determines
whether or not a time T¢ has passed since the time when
the panel signal is controlled to change to the OFF state
in step S311. Time Tg is a considerably short time period
equal to or shorter than several hundreds milliseconds,
for example, zero millisecond.

[0113] Here, time Tg may be any time from zero milli-
second to several hundreds milliseconds. Further, the
panel-off process may not include the operation in step
S312. Eveninthis case, the subsequent operation is per-
formed after at least one clock of CPU 11 from the time
when the operation in step S311 is performed.

[0114] Further, in step S312, it may be determined
whether or not time Tg has passed since the time when
the operation is advanced to step S312.

[0115] When it is determined that time Tg has not
passed (NO in step S312), control unit 10 repeats the
operation in step S312. In contrast, when it is determined
that time Tg has passed (YES in step S312), control unit
10 controls in step S313 backlight 52 so that it changes
from the ON state to the OFF state. Accordingly, the
brightness of backlight 52 becomes zero.

[0116] After step S313, control unit 10 ends the panel-
off process to return the operation to be performed to the
process that is the caller of the panel-off process.
[0117] Referring to Fig. 7, the timing chart is the one
when the panel-off process is performed as described in
connection with Fig. 6. First, the panel-off instruction sig-
nal is changed from the OFF state to the ON state. Here,
the backlight brightness is 80% of the maximum bright-
ness. Accordingly, the backlight brightness is controlled
to become b; =80 - 20 x 1 = 60% of the maximum bright-
ness.

[0118] Then, each time the time Ty passes, the bright-
ness of the backlight is controlled to be reduced gradually
in stepwise manner like b, =80 - 20 x 2 = 40%, b; = 80
- 20 x 3 = 20% of the maximum brightness, until the re-
lation b; < 30 is satisfied. After time Tg has passed since
the time when the relation bj < 30 is satisfied, the panel
signal is controlled to change from the ON state to the
OFF state.

[0119] After atime Tq has passed since the time when
the panel signal is controlled to change to the OFF state,
backlight 52 is controlled to change to the OFF state.
Accordingly, the brightness of backlight 52 becomes zero
lower than the minimum brightness.

[0120] Asdescribed above, liquid crystal television re-
ceiver 100B in the third embodiment gradually reduces
the brightness of backlight 52 by 20% of the maximum
brightness per time Ty until the brightness becomes lower
than the brightness which is 30% of the maximum bright-
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ness, namely the brightness which is invisible to human
eyes. The backlight generates light to be passed through
the liquid crystal panel so as to form an image.

[0121] As described in connection with step S311 in
Fig. 6, the brightness is reduced and thereafter the panel
signal to liquid crystal panel 51 is controlled to change
from the ON state to the OFF state. As described in con-
nection with step S313 in Fig. 6, the panel signal is con-
trolled to become the OFF state and thereafter backlight
52 is controlled to change from the ON state to the OFF
state.

[0122] Thus, backlight 52 of liquid crystal panel 51 is
controlled to easily prevent disturbance in image, which
occurs when the panel signal to liquid crystal panel 51 is
changed from the ON state to the OFF state, from being
seen by the user.

[0123] Further, since the degree of brightness change
pertime is smaller and thus the degree of change in elec-
tric power supplied to backlight 52 can be reduced. As a
result, the degree of change in load of electric power of
liquid crystal television receiver 100B can be reduced.
Further, the stability of the power supply voltage of liquid
crystal television receiver 100B can be improved.
[0124] As described in connection with step S301 and
step S304 in Fig. 6, on the condition that the panel-off
signal for instructing to stop the function of liquid crystal
panel 51 is input, the brightness of backlight 52 is re-
duced.

Fourth Embodiment

[0125] In the first embodiment, the backlight bright-
ness is controlled to be reduced to a predetermined
brightness that is invisible to human eyes, and thereafter
the panel signal is controlled to change to the OFF state.
In a fourth embodiment, the backlight brightness is con-
trolled to be reduced to a brightness invisible to human
eyes according to the ambient luminance, and thereafter
the panel signal is controlled to change to the OFF state.
[0126] Referring to Fig. 8, a liquid crystal monitor 200
includes a control unit 10, an operation input unit 23, a
signal processing unit 34, a signal input unit 41, a liquid
crystal panel 51, a backlight 52, a speaker 61, and an
illuminance sensor 71.

[0127] Controlunit10, liquid crystal panel 51, backlight
52, and speaker 61 are similar to those described in con-
nection with Fig. 1 in the first embodiment, and thus the
description thereof is not repeated.

[0128] Operation input unit 23 accepts operation of a
user to output, to control unit 10, an operation signal in-
dicating the accepted operation. The user performs a pre-
determined operation with operation input unit 23 in order
to allow liquid crystal monitor 200 to perform a desired
operation concerning reproduction of an external signal.
[0129] Signalinputunit41 accepts input of an external
signal from an external device for reproducing video, au-
dio or the like, and outputs the accepted external signal
to signal processing unit 34.
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[0130] The external device refersto, for example, such
a recording medium reproduction apparatus as DVD
(Digital Versatile Disk) player, videocassette recorder
and CD (Compact Disc) player, a receiver receiving a
television broadcast and a radio broadcast, a set-top box
for the cable television system or wired broadcasting,
and such an information communication device as PC
(Personal Computer), gateway, router, and base station
of a wireless LAN (Local Area Network).

[0131] The external signal refers to a video signal or
an audio signal communicated by means of any of com-
posite terminal, S-terminal, D-terminal, component ter-
minal HDMI (High-Definition Multimedia Interface) (reg-
istered), D-Sub (D-Subminiature) terminal, DVI (Digital
Visual Interface) terminal, DV (Digital Video) terminal,
IEEE (Institute of Electrical and Electronic Engineers)
1394 terminal, and USB (Universal Serial Bus) terminal.
[0132] Signal processing unit 34 separates the exter-
nal signal received from signal input unit 41 into a video
signal and an audio signal to output the audio signal to
speaker 61. Further, signal processing unit 34 converts
the separated video signal into a panel signal for driving
and controlling liquid crystal panel 51 to display video,
and outputs the panel signal to liquid crystal panel 51.
[0133] Illluminance sensor 71 is a sensor measuring
the illuminance around liquid crystal monitor 200 and
formed for example of a photodiode. Illuminance sensor
71 transmits to control unit 10 a signal according to the
illuminance.

[0134] Referring to Fig. 9, a panel-off process is per-
formed for example by being regularly called from a main
process that is the caller of this panel-off process.
[0135] In step S401, control unit 10 of liquid crystal
monitor 200 determines whether or not the panel-off in-
struction signal is input.

[0136] The panel-off signalis given when, for example,
the power of liquid crystal monitor 200 is to be turned off.
However, this is not a limitation and the panel-off signal
may be given when, for example, audio-only contents
without video are input to liquid crystal monitor 200, or a
signal from a CD player is input to liquid crystal monitor
200. If liquid crystal monitor 200 is to be used for the PC,
the panel-off signal may be given when a predetermined
time passes and the resuming capability functions.
[0137] Whenitis determined that the panel-off instruc-
tion signal is not input (NO in step S401), control unit 10
ends the panel-off process to return the operation to be
executed to the process of the caller of the panel-off proc-
ess.

[0138] Incontrast, whenitis determined that the panel-
off instruction signal is input (YES in step S401), control
unit 10 measures in step S402 the illuminance of the
ambient of liquid crystal monitor 200 based on a signal
from illuminance sensor 71.

[0139] Then, in step S404, control unit 10 controls, ac-
cording to the measured illuminance, the brightness of
backlight 52 so that the brightness is reduced. Here, in
the case where the measured illuminance is equal to or
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higher than a predetermined value, the brightness of
backlight 52 is controlled to be reduced to 20% of a max-
imum brightness. In the case where the measured illu-
minance is less than the predetermined value, the bright-
ness of backlight 52 is controlled to be reduced to 10%
of the maximum brightness. Here, the reduced bright-
ness is a brightness invisible to human eyes at the illu-
minance at that time.

[0140] The method of controlling to reduce the bright-
ness of backlight 52 is not limited to the above-described
one. The brightness may be controlled in multi-step man-
ner having more than two steps, or the brightness may
be controlled so that the brightness is proportional to the
illuminance, or the brightness may be controlled to have
a value calculated from the illuminance by means of a
predetermined relational expression.

[0141] The operations in subsequent steps S407 to
S413 are similar to those of steps S107 to S 113 de-
scribed in connection with Fig. 1, and thus the description
thereof is not repeated.

[0142] As described above, liquid crystal monitor 200
in the fourth embodiment measures the illuminance of
the ambient of liquid crystal monitor 200 by means of
illuminance sensor 71 as described in connection with
Fig. 8. As described in connection with step S404 in Fig.
9, the brightness of backlight 52 is reduced to a bright-
ness invisible to human eyes according to the measured
illuminance.

[0143] Therefore, the brightness of backlight 52 can
be controlled according to ambient conditions of liquid
crystal monitor 200.

[0144] Inthe fourth embodiment, according to the am-
bient illuminance, the brightness of backlight 52 is con-
trolled to be reduced to a brightness invisible to human
eyes as done in the first embodiment. However, the
brightness of backlight 52 may be controlled to be grad-
ually reduced as done in the second embodiment, ac-
cording to the ambient illuminance.

[0145] For example, if the measured illuminance is
equal to or higher than a predetermined value, the bright-
ness of backlight 52 is controlled so that the brightness
gradually decreases in stepwise manner to 80%, 60%,
40%, 20% of the maximum brightness. If the measured
illuminance is lower than the predetermined value, the
brightness of backlight 52 may be controlled so that the
brightness gradually decreases in stepwise manner to
80%, 60%, 35%, 10% of the maximum brightness.

Modification

[0146] In the embodiments discussed above, the
present invention is described as applied to liquid crystal
television receivers 100, 100A, 100B and liquid crystal
monitor 200 having liquid crystal panel 51 and backlight
52. However, the present invention is not limited to this.
The present invention may be applied to other devices,
for example, a combination system, or a transmissive or
reflective liquid crystal projector, on the condition that the
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device is an electric device including a liquid crystal panel
and an illumination apparatus.

[0147] The combination systemincludes an apparatus
combining a television and a videocassette recorder, an
apparatus combining a television and a DVD recording
and reproducing apparatus, and an apparatus combining
a television and a hard disk recording and reproducing
apparatus. As shown in Fig. 10, in the case where liquid
crystal projector 300 is used, the illumination apparatus
of liquid crystal panel 51 is a light source lamp 53 such
as ultra-high-voltage mercury lamp.

[0148] In the embodiments discussed above, the
present invention is described as an apparatus of liquid
crystal television receivers 100, 100A, 100B and liquid
crystal monitor 200. However, the present invention is
not limited to this. The present invention may be applied
to a liquid crystal display control method executing the
processes described in connection with Figs. 2, 4, 6 and
9 by liquid crystal television receivers 100, 100A, 100B
and liquid crystal monitor 200 respectively.

[0149] Moreover, the presentinvention may be applied
to a liquid crystal display control program executed by
liquid crystal television receivers 100, 100A, 100B and
liquid crystal monitor 200 as described in connection with
Figs. 2, 4, 6 and 9 respectively.

[0150] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the spirit and
scope of the present invention being limited only by the
terms of the appended claims.

Claims

1. Aliquid crystal television receiver (liquid crystal tel-
evision receiver 100, 100A, 100B) comprising:

brightness reduction control means (control unit
10, step S 104, steps S203-S208, steps S302-
S308, steps S402-404) for reducing a bright-
ness of backlight (52) generating light to be
passed through a liquid crystal panel (51) and
thereby forming an image, to a predetermined
brightness invisible to human eyes, on condition
that an instruction signal for instructing to stop
function of said liquid crystal panel (51) is input
(YES in step S101, step S201, step S301, step
S401);

panel-off control means (control unit 10, step
S111, step S211, step S311, step S411) for con-
trolling a video signal to said liquid crystal panel
to be changed from an ON state to an OFF state,
after the brightness is reduced by said bright-
ness reduction control means; and
illumination-off control means (control unit 10,
step S 113, step S213, step S313, step S413)
for controlling said backlight to be changed from
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the ON state to the OFF state, after said video
signal is controlled to be changed to the OFF
state by said panel-off control means.

2. Aliquid crystal display apparatus comprising:

brightness reduction control means (control unit
10, step S104, steps S203-S208, steps
S302-5308, steps S402-404) for reducing a
brightness of an illumination apparatus (back-
light 52) generating light to be passed through
a liquid crystal panel (51) or reflected from said
liquid crystal panel and thereby forming an im-
age, to a brightness invisible to human eyes;
panel-off control means (control unit 10, step S
111, step S211, step S311, step S411) for con-
trolling a video signal to said liquid crystal panel
to be changed from an ON state to an OFF state,
after the brightness is reduced by said bright-
ness reduction control means; and
illumination-offcontrol means (control unit 10,
step S113, step S213, step S313, step S413)
for controlling said illumination apparatus to be
changed from the ON state to the OFF state,
after said video signal is controlled to be
changed to the OFF state by said panel-off con-
trol means.

The liquid crystal display apparatus according to
claim 2, wherein

said brightness reduction control means reduces the
brightness on condition that an instruction signal for
instructing to stop function of the liquid crystal panel
is input (YES in step S101, step S201, step S301,
step S401).

The liquid crystal display apparatus according to
claim 2, wherein
said brightness reduction control means reduces the
brightness to a predetermined brightness invisible
to human eyes.

The liquid crystal display apparatus according to
claim 4, wherein

said predetermined brightness is a minimum bright-
ness of said illumination apparatus.

The liquid crystal display apparatus according to
claim 2, further comprising illuminance measure-
ment means (illuminance sensor 71, control unit 10,
step S402) for measuring an ambient illuminance of
said liquid crystal display apparatus, wherein

said brightness reduction control means reduces the
brightness to a brightness according to the illumi-
nance measured by said illuminance measurement
means (control unit 10, step S404).

The liquid crystal display apparatus according to

10

15

20

25

30

35

40

45

50

55

11

claim 2, wherein

said brightness reduction control means gradually
reduces the brightness (control unit 10, steps S204-
S208, steps S303-S308).

The liquid crystal display apparatus according to
claim 2, wherein
said illumination apparatus is a backlight.

A liquid crystal display control method for controlling
a liquid crystal display apparatus, comprising the
steps of:

reducing a brightness of an illumination appara-
tus (backlight 52) generating light to be passed
through a liquid crystal panel (51) or reflected
from said liquid crystal panel and thereby form-
ing an image, to a brightness invisible to human
eyes (step S104, steps S203-S208, steps S302-
S308, steps S402-404);

controlling a video signal to said liquid crystal
panel to be changed from an ON state to an OFF
state, after the brightnessisreduced (step S111,
step S211, step S311, step S411); and
controlling said illumination apparatus to be
changed from the ON state to the OFF state after
said video signal is controlled to be changed to
the OFF state (step S113, step S213, step S313,
step S413).
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FIG.4
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FIG.6

(PANEL—OFF PROCESS)
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